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Abstract
The world of electronic publishing changes quickly, and CD-ROM is the latest technol
ogy. Many electronic publishers are getting involved in what is called CD-ROM pub
lishing (also called Optical publishing). CD-ROM means Compact-Disc Read Only
Memory. CD-ROM publishing changes the way information is presented, searched,
retrieved, and distributed. Electronic publishing takes on a whole new identity with
CD-ROMs. The computer screen now replaces hard copy as the viewing medium. This
is why CD-ROMs are called the "new
CD-ROMs allow the user to deal with dynamic and
"moving"
images in lieu of static
ones. The technology promotes the fact that CD-ROM applications are fun and enter
taining ways to learn as well as allowing interaction with the user. Some CD-ROM
products already on the market include children's books, reference books, and adventure
games.
CD-ROMs also offer users of the desktop many advantages including high storage
capacity, permanency, and easy accessibility to data. However, the biggest disadvantage to
CD-ROM is its slow seek time and data transfer rate.
This thesis project is comprised of two parts. The first part involves the creation of a
CD-ROM application. In this case, it is a poster book. The poster book was designed to
vi
give the impression of
"motion"
within the pages. Some of the hardware and software
utilized in the implementation of the poster book include QuarkXPress, Adobe
Illustrator, Adobe Photoshop, and theMacintosh Quadra 700. Using Kodak's Writable
CD-ROM hardware and software, the poster book's digital file was then written to a
CD-ROM disc.
The second part of this thesis project involves the development of a reference guide. The
reference guide explains the basic steps on how to create a CD-ROM application. It is
designed to serve desktop users and novices to CD-ROM technology. Most resources
that were available were too complex for any beginner to comprehend in completing
their CD-ROM projects. The Reference Guide to CD-ROM Technology covers the fol
lowing topics: data collection, text preparation, image preparation, sound preparation,
disc origination, data submission guidelines, disc production, and data protection. The
last chapter of the reference guide provides a list ofCD-ROM manufacturers that can be
consulted for more in-depth information on CD-ROMs.
Upon completion of this thesis project, a questionnaire was used in evaluating the
CD-ROM application,Art in Motion. The viewers were asked to compare the




Almost every industry in the world today has one thing in common, the use ofcomput
ers. The computer is a key element to an industry's success or failure. The use of com
puters are especially pertinent in the field of electronic publishing.Without them, the
industrywould not survive. One of the biggest problems faced in the electronic publish
ing field is that the hardware and software becomes obsolete quickly. Therefore, compa
nies in the industry have to constantly be on the leading edge of technology or risk being
on "the bleeding
edge."
Something bigger and better is always coming along. Today, that
new technology is CD-ROM publishing.
Background
CD-ROM means Compact Disc-Read OnlyMemory. CD-ROM publishing is also
known in the industry as Optical publishing. Although most people are now just taking
advantage of this technology, CD-ROM technology has actually been around since the
early 1980s. It came aboutwith the advent of audio CDs (i.e. music compact discs). The
production ofCD-ROMs utilize the same techniques as the music compact disc. They
are composed of the same material, and are even produced on the same equipment. CD
audio discs store sound digitally, whereas, CD-ROMs store text, graphics, and video data
digitally. This is a real advantage to those involved in electronic publishing. Storing vast
amounts of text and images requires a large amount ofdisc space. CD-ROM is the
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choice medium for storing because they have a high storage capacity. In fact, this is the
main reason for the success ofCD-ROMs.
Purpose of the Study
The purpose of the study was to first design and produce a poster book utilizing
CD-
ROM technology. The choices ofwhat could be accomplished on CD-ROM were end
less. Having taken a step outside of the realm ofwhat already exists on the market by
producing a poster book on CD-ROM, validates the principle that almost anything can
be done with CD-ROM technology. To the author's knowledge, no such application
(poster book) exists on CD-ROM.
Second, the author wanted to provide a thorough, but basic, reference guide to how a
CD-ROM is made. The reference guide offers step-by-step procedures on the
CD-
ROM production process. It discusses the methods that are employed in the industry
today. Topics such as data collection, data preparation, premastering, mastering, and
replication are covered. The reference guide was designed to aide users of the desktop
system on the production process of a CD-ROM from a digital file.
The Design of the Project
Most users ofCD-ROM technology in the past were governmental agencies and
libraries. Information is primarily stored on CD-ROM because it can hold vast amounts
of important information, it is quick and easy to access information, and it offers a
permanent archive for information. Reference materials (e.g. encyclopedias and medical
books) are two of the biggest uses of the technology. However, CD-ROM technology
is now being used in more attractive venues, such as children's books, text books, and
adventure games. Kodak PhotoCD and CD-I (Compact Disc-Interactive) are two of the
most popular descendants ofCD-ROM technology. They clearly show that a lot can be
done with CD-ROMs rather than just storing text for reference material.
The electronic publishing environment turned to CD-ROM because of the many advan
tages it offers, making it one of the most favorable publishing mediums. Besides
CD-
ROM's high storage capacity, which was the main reason why the technology thrived in
the industry, they also offer data reliability. Each disc can hold over 600 megabytes
(MB) of information. Some are even known to hold 1 gigabyte of information. Once the
information is written to the CD-ROM, it cannot be altered; therefore, the data is per
manent. If handled properly, each disc can have a life expectancy of over 15 years.
Another advantage CD-ROMs offers is standardization in the industry. CD-ROMs
have to be formatted with ISO-9660 (ISO stands for International Standards Organiza
tion). Complying to ISO-9660 standards means that CD-ROM discs, regardless of the
manufacturer, will be compatible to all computer systems (whether it is aMacintosh plat
form or Personal Computer workstation), and can be read using any CD-ROM drive.
The size ofCD-ROMs is also advantageous, especially to those in the publishing envi
ronment. CD-ROMs are 4 3/4
"
or 120mm in diameter. Each disc can hold approxi
mately seven sets ofEncyclopedia
Britannica. This makes CD-ROMs a more cost-
effective medium for distribution than a printed volume.
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However, the most important advantage to CD-ROM technology is its rapid access to
stored information. A desired piece of information can be accessed in under one second
regardless of the file size.
Scope
Many books and articles discuss the topic ofCD-ROM publishing and the various
authoring and retrieval software applications. Some books even contain very detailed
explanations on how a digital file is encoded byte for byte. This leads to a lot of confu
sion, and researching that was too time-consuming. To the author's knowledge, no book
exists that just covers the basic steps on how to create a CD-ROM application from the
desktop. The reference guide included in this report, provides thorough, yet very basic,
information on the process of creating a CD-ROM application. Due to the complexity
of the subject matter, the author included the names and addresses of disc manufacturing
facilities for readers to consult if they have questions on a specific topic, or wish to seek
more in-depth information.
Audience
This thesis project is designed for the benefit of those involved in or interested in elec
tronic publishing and the concepts ofCD-ROM technology. The audience include not
only desktop users, but also graphic artists, authors, and publishers interested in digital
imagery. Because many desktop users are not knowledgeable on CD-ROM publishing,
this project supplies them with the necessary information so that they will understand
the technology.
A number of electronic books already exist on the market; however, to the author's
knowledge, a poster book on CD-ROM did not exist until now. The poster book does
not only supplies the audience with an attractive electronically-published product, but
also provides a useful reference guide on the basic steps involved in creating a CD-ROM.
The Format
The final format for the thesis project was a poster book on a CD-ROM disc. CD-
ROM was chosen as the output medium because the author felt it was a true representa
tion of an electronically-published product.
Reason for Interest in the Study
The author has been in the Graphic Arts field for approximately eight years. She enjoys
learning the latest technology, as well as keeping abreast of every facet of the electronic
publishing industry. CD-ROM technology is a topic the author had not yet learned.
The author feels that the best education comes from personal experiences and hands-on
learning.
Procedure
This section of the thesis report discusses the creation of the poster book. It covers the
steps taken from the design concept of the poster book, to the page layout descriptions,
and finally to the software utilized in the implementation of the posters in their final for
mat. The topics covered in the reference guide will also be outlined in this section. The
actual reference guide, called Reference Guide to CD-ROM Technology, can be found
in Appendix A.
Methodology
Design Concept ofArt INMOTION
The author's initial step was to formulate the concept for the poster book.The author
believed that it should be related to her field of study. Thus, she came up with the idea
of designing a poster book using the tools of the desktop system.
The next step was to decide on the design of the book. The author came up with the idea
of creating posters that would give
the impression that the images were
"moving"
within
the pages of the book. Hence, the author's choice for the title of the poster book wasArt
in Motion. Art could be just a play on text, as well as images. It really depends on how
the elements are handled. The posters incorporate scanned photographs and hand draw
ings, type, rules, blends, and geometric shapes.
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The size chosen for the posters was
ll"xl7."
Due to the size restrictions set forth for the
final binding of the thesis report, the posters were reduced to fit on 8
l/2"xll"
paper.
Art in Motion can be found in Appendix B.
Page LayoutDescriptions
The layout for the posters was determined not only by how theywould look printed, but
how they would also look on the computer screen. This step required careful planning
and consideration. Most of the page layout descriptions include the implementation of
full bleeds. Full bleeds were acceptable for viewing purposes using the screen, but for
binding purposes, the posters had to be reduced in size. A one-point frame was placed
around the borders of each poster; thereby designating the outer edges.
Some of the posters are comprised ofbitmapped images and altered type. However,
type was a main design concern, especiallywhen viewing them on the computer screen.
In order for the posters to be viewed on most computer screens, the type sizes used,
could not be smaller than 24 points. The typeface chosen for the posters also had to be
taken into consideration. This caused a problem in design. The author was restricted to
certain typefaces and sizes, which hindered her freedom over the designs. Therefore,
none of the posters incorporated type smaller than 24 points. The author advises use of
computers with at least a
14"
monitor so that all of the design elements will be fully visi
ble on the screen.
The author also chose to employ a lot ofwhite space in most of the poster designs. White
space was especially importantwhen bitmapped images were on the page, if the poster
included more than one blend on the page, or if the poster was comprised ofboxes of
var-
ious shapes and sizes, or if the poster contained repetitive images.
The final layout for the poster bookwas created with QuarkXPress 3.2 software. The
author preferred QuarkXPress for page layouts because of the application's design capa
bilities. It gave the author almost complete freedom over creativity.
Concept oftheReference Guide
The reference guide included in the thesis report, called Reference Guide to CD-ROM
Technology, was designed to give the novice desktop user a step-by-step instructional on
how to create his/her own CD-ROM application.The information covered is basic, yet
very thorough. In doing the research, the author discovered that most sources on
CD-ROM technology were not aimed for the beginner. Many books delved too far into
the details on CD-ROM technologywhich is already a complex subject. Comprehension
was very difficult. Most sources researched were not only intimidating in size, but were
also discouraging in the terminology used. To the author's knowledge, a basic instruc
tional did not exist. Reference Guide to CD-ROM Technology solves this problem.
Assumptions
The author assumes that the readers of the reference guide are computer literate, as well
as somewhat familiar with CD-ROMs. Due to the complexity of the subject, the author
has included a list ofCD-ROM disc manufacturers in the last chapter of the reference
guide. Should the reader have any questions, he/she will be able to consult with a
CD-ROM manufacturing representative about a particular CD-ROM application.
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Design Format
The reference guide was designed to provide easy, comprehensive reading. The guide
starts with the first step in creating a CD-ROM application (data collection), and fol
lows step-by-step to the very last step (replication). The reference guide was based on the
following format.
I. Introduction
A. What is CD-ROM?

















B. Choosing a Display Format
C. Creating Digital Images
1. Paint Systems
2. Draw Systems








2. Image Data Compression
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V Sound Preparation














C. Loading Disc Image
D. Testing
E. Copying to Tape

































Design and Typography Lab
IEPL (Integrated Electronic Pre-press Laboratory)
Summary and Conclusions
This section of the thesis report outlines the results of the questionnaire that was given
out during the viewing sessions of the CD-ROM application Art in Motion. The partic
ipants were asked to compare the CD-ROM version of the poster book to the printed
version. The questionnaire can be found in Appendix C.
Results
Most of the students who participated in the viewing sessions were third and fourth year
students. Graduate students participated as well. Almost all of the participants had very
little or no experience at all with CD-ROM technology. Surprisingly, they found the
CD-ROM application to be very user-friendly Their ease in using the application
stemmed from their experience withMacintosh computers and QuarkXPress software.
Most of the participants had mixed feeling about which medium they preferred. Overall,
they liked the color, quality, and brightness the
CD-ROM produced on the screen. If
given a choice as to which one theywould buy most answered that they would consider
the printed version because of its accessability and easy use. The author was also sur
prised to find out that all of the participants shared the same opinion on viewing other
books in CD-ROM format. Some participants believe that CD-ROMs are a
"fresh"
and




CD-ROM technology is definitely making a name for itself in the electronic publishing
industry. The author feels that CD-ROMs will continue to be competitive in the indus
try, especially as storage media for reference materials and text books. These sources
require a high storage capacity and permanent archiving that only CD-ROMs can
pro
vide. CD-ROM technologymay feel pressure from On-line publishing in the near
future, but not until faster transmission rates for graphics and videos are achieved. The
author believes that more products will be produced on CD-ROM and that more people
will begin to use them as the price ofCD-ROM drives decrease.
Recommendations for Further Investigation
For readers who wish to further investigate the topic ofCD-ROM publishing, the
author recommends consulting the resources listed in the back of the reference guide
(found in Appendix A).
Endnotes
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As the world around us changes, so does the technol
ogy .The industry that has felt the greatest change is
the electronic publishing industry. The most revolution
ary change in technology today is CD-ROM publish
ing. It symbolizes a completely new way of publishing,
which in turn changes the way information is retrieved,
the way text and graphics are handled, and the way
information is distributed.
^
What is CD-ROM? Before any one person can fully appreciate the value
of CD-ROM technology, it is important to first know
what a CD-ROM is, and how it evolved.
CD-ROM means Compact Disc-Read Only Memory. It
is also referred to as Optical publishing because digital
information is stored on an optical disc. If CD-ROMs
look familiar, they should. They evolved from the CD
audio which the music world knows as the Compact
Disc or CD. CD-ROMs are true descendants to CD
audio technology. The biggest difference between
CD-ROMs and CD audio is the data that each one
stores. CD-ROMs can store text, graphics, video, and
sound, whereas, the CD audio stores only digitized
sound.
The New Paradigm CD-ROM can be thought of as the new paradigm in
electronic publishing. With this shift in technology,
comes new tools and ideas of handling the printed
word and how it is retrieved.
2 CD-ROMs deal with
electronic databases instead of printed documents.
Electronic databases force publishers to view data
"logically"
(i.e. by the document's structure). Titles,
headings, and subheads are some examples of how a
document can be structured. Document structures
allow data to be easily accessed and retrieved.
Advantages/Disadvantages CD-ROM technology offers publishers and other vari
ous users many advantages. As with any new product,
ROM
there are disadvantages as well.
The most important advantage of CD-ROM technolo
gy is its high storage capacity. Most CD-ROMs can
hold over 600 megabytes. Some can even hold 1
gigabyte of information. Other advantages include
permanency, reliability, durability, easy accessibility to
electronic data, and cost effectiveness in distribution.
CD-ROM's main disadvantage is its slow access time.
It takes about 1 to 2 seconds to retrieve a desired
piece of information. It may not seem to be a long
time to humans, but in computer terms it is. The other
disadvantage is that it has a slow transfer rate.
This reference guide is designed to take any novice of
CD-ROM technology through the basic steps to cre
ate their own CD-ROM product. Users, such as publish
ers, desktop users, graphic designers, and authors will
benefit from this handbook. Topics that will be dis
cussed are Data Collection, Data Preparation, Disc
Origination, Data Submission Guidelines, Disc
Production (Premastering, Mastering, Replication), and
Data Protection. Because this guide covers only the
basic steps, readers are encouraged to consult the list
of CD-ROM manufacturers found in the back of this
reference guide for specific questions that they might





Data that can be stored on a CD-ROM comes in vari
ous forms. These forms include printed pages of text,
photographs, line drawings, video, and sound. In order
for information to be placed on a CD-ROM, it needs
to be created and/or converted into a format that the
machine can store and manipulate. The process of
converting data into a machine-readable format, or
"capturing"
data as it sometimes referred to, depends
on the type of data being used in the CD-ROM appli
cation.
For CD-ROM products that utilize text from printed
documents, capturing the data can be accomplished
in two ways. The choices are: 1) manual rekeying of
the data, or 2) scanning the printed pages as an
image using Optical Character Recognition (OCR).
In capturing graphics or images, utilization of flatbed
scanners is the most popular method. Other choices
include digitizing tablets, drum scanners, and video
cameras.
As for sound, the same rule applies. It too must be con
verted into machine-readable form. This will entail digi
tizing the sound data, produced on an audio tape,
from its original analog state.
The following three chapters will discuss preparing
each of these data formats in more detail. Breaking
the data preparation process into the three different
data formats, helps to better explain the preparation
process. Each topic covers a lot of information.
Combining the three formats into one chapter, would
only add complexity to the data preparation process.
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CHAPTER 3:
TEXT PREPARATION
As mentioned in the previous chapter, Data
Collection, any data stored on a CD-ROM must be in
machine-readable form. In other words, that means
that data must be transformed into binary digits, or
bits.3
The data type being discussed in this chapter is
text; therefore, all text will first have to be converted
into binary digits.
Text can come from many sources. It can be handwrit
ten, typed, printed, or already be in electronic form.
Converting these forms (the latter being excluded),
allows the textual data to be readable, searchable,
and
retrievable.^
Text that is already in electronic form
is the most sensible format to start with. But if this is not
the case, conversion will have to take place.
Text Conversion There are two methods in use for converting textual
data into electronic for; manual rekeying and Optical
Character Recognition.
Manual Rekeying Manual rekeying (also known as keyboard entry) is the
most obvious choice for text conversion. It is the
process of rekeying, word for word, textual data into
electronic form. The data can be transcribed from
handwritten or printed documents. In rekeying the
data each letter is transformed into the desired binary
form. This binary form is called character-coded text.
Manual rekeying is usually considered as a last choice
in converting text. Sometimes, this step should be con
sidered first. Although it might be time-consuming, it
might also be cost-effective in the end. Data prepara
tion is the most vital step in any CD-ROM application.
With rekeying the data, special structural formatting
information may be added to the main text, which in
the end saves money.
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Optical Chatacter Recognition OCR stands for Optical Character Recognition. To
most publishers of CD-ROM products who face the
decision of which conversion method to choose, OCR
is definitely the most attractive one.
This method uses an optical character reader that
scans a printed document. From that scan, a bit
mapped image, or reproduction of the page, is pro
duced. The bit-mapped image of the letters are then
converted into ASCII codes. ASCII (American Standard
Code for Information Interchange) is the most familiar
character coding method used today. For all
CD-ROM applications, the ASCII code is preferred.
Most indexing and retrieval software read ASCII codes;
therefore, if text is any other format (e.g. EBCDIC), it will
have to be converted to ASCII before it is mastered to
a CD-ROM.
OCR has been known to be unsuccessful in the past. A
lot of the technology's failures stem from its high error
rate when the printed page is scanned. Some OCR
systems are only able to read certain typefaces. If a
document incorporates a typeface that the system
cannot read, the data information will be incorrectly
translated. Another problem with some OCR systems is
that the system cannot distinguish zeroes form the let
ter
"O."
A high error rate slows down the data prepa
ration process. However, there are OCR systems on the
market that have fairly low error rates, but delving into
the vast number of systems available, extends beyond
the scope of this reference guide. Readers are
encouraged to do research on the many OCR systems
so that they will find one that will suit their own needs.
Electtonic Documents Data that has been produced on a computer will
already be in electronic form. In this case, the data
should be checked to make sure that it contains all of
the necessary structural and formatting information.
Using electronic data has the advantage of simplifying
the text preparation process.
-ROM
Formatting Once the textual data has been converted into
machine-readable form, the electronic document has
to be formatted.
Textual documents are composed of many levels.
These help define the document's structure. Chapters
and subsections are examples of how a document
may be broken down. Within each of these levels are
titles and body of text. A document can be best
thought of as a hierarchy of levels. Formatting is the
process of embedding codes, or structural cues, in the
document so that the indexing software will be able to
index the document's structure (i.e. the different levels
contained within the document). The retrieval soft
ware will then be able to find each desired piece of
information when researched.
Some electronic documents may or may not contain
structural codes. If the data being used for a CD-ROM
application is going to be displayed, and does not
have formatting instructions, the following are some of
the methods for doing so.
Some methods will allow computer systems to insert
detailed formatting characters while the text is being
prepared. An example of how this might work is the
system would insert spaces that informs the computer
to center a line of text. By inserting formatting instruc
tions, which in this case are characters, within the text,
minimal processing burden is placed on the display
system. Another method that can be used, allows the
display system to interpret the codes that some
text-
preparation software inserts into the computer.
Style sheets, or look-up tables, are also popular meth
ods utilized in formatting structural items, such as
author's name, title, and section headings to name a
few. This method provides greater flexibility over the
other two former methods previously mentioned. Style
sheets are also used in what is called SGML. SGML
stands for Standard Generalized Markup Language.
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SGML, like the other formatting methods, "mark
up"
the document's processing instructions, so that the
document will be in the desired format when dis
played on the screen. A term associated with SGML
processing instructions is
"tagging."
Indexing Data that has been formatted is now easily search
able and retrievable. In order for data to be searched,
it will need to be indexed. Indexing is the process of
creating a data structure that will identify the location
of each word individually found in an electronic docu
ment. In short, this means that each word of the elec
tronic database has to be placed in the indexing soft
ware so that the computer will be able to quickly and
efficiently locate the items throughout the electronic
document. An item cannot be searched if it is not
indexed.
Manual Indexing There are two general methods for indexing an elec
tronic document. One method is manual indexing,
and the other is electronic indexing (also referred to as
automatic indexing).
Manual indexing is the process of assigning terms that
are to be indexed to a document. For example, only
keywords pertaining to the subject would be manually
entered into the indexing software instead of the
entire document. Manual indexing offers several
advantages over electronic indexing. First of all, and
most obviously, with manual indexing, not every word
in the document has to be entered into the system for
indexing. Another advantage is that the indexes are
relatively small in size due to the fact that not every
word is indexed. This in turn reduces the cost of stor
age.
Electtonic Indexing Electronic indexing is the process of indexing every
item contained in the document. Doing this permits
C D
searching and retrieving any and all items. However,
using full-text retrieval systems and electronic indexing
together, causes too many irrelevant data items or
"hits"
to come up, and too many relevant data items
to be ignored. If the document-based system is
designed well, indexing will prove to be quite effec
tive. There are several ways to help make electronic
indexing with full-text retrieval systems more efficient.
One way is to restrict electronic indexing to items that
are found within titles and
abstracts.^
The publisher or
author of a CD-ROM application could also combine
search items with Boolean operators (e.g. and, or, not).
By doing so, the search becomes narrower and more
defined to the user's request. Therefore, at the end of
the search process, the user will be left with more rele
vant information pertaining to their topic of interest.
Another mechanism that can be employed, is the use
of a stop list. A stop list excludes the usage of frequent
ly used terms that offer little or no meaning to the
search.
Storing the roots of keywords contained in the docu
ment, helps save space, as well as improve the effec
tiveness of full-text retrieval. For example, the word
"confirm"
will be stored in the index so that it and other




and so forth will also be retrieved.
Other techniques utilized to help deal with problems
encountered with full-text retrieval and electronic
indexing include phrase searching, proximity search
ing, and the use of wildcard characters.
Text Comptession Text compression is effective if used after performing
the previously mentioned steps listed above. It is the
process of converting text to a format that will utilize
less space. For data to be compressed, it must contain
some kind of repeating pattern that can be shortened
R e C D
to a code-like form. For example, the word
"and"




appears in the document, it
would be replaced with the
"#1"
code. Compression
should be done after the indexing process so that the
location of the word in the text will be accurately
indexed. Most importantly, the retrieval software must
know the compression scheme so that the com
pressed word, in its code format, will automatically be
decompressed when retrieved. As with any compres
sion data, the text will have to be decompressed
before it will be displayed. Some common compres
sion methods include removing the trailing blank on
each line of original text, encoding the most frequent
words, encoding prefixes and/or suffixes, and encod
ing the most frequent phrases. There are several other
compression methods available. The readers of this ref
erence guide are encouraged to research these
methods to find one that best suits the need of their
CD-ROM product.
mm i?wmm
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CHAPTER 4:
IMAGE PREPARATION
What could be more inviting than picking out a vaca
tion resort from a brochure that is stored in a computer
program for viewing on the screen? With each touch
of the mouse the sandy beach would zoom in making
it life-like. It would feel like being there, almost. Then
how about the idea of placing a cursor on a seashell,
and the sound of the ocean is heard? Or how about
this idea: learning how to change a tire step-by-step
with the use of a computer? With each screen, the tire
would finally be changed just by a touch of a button.
The use of computer graphics turns boring electronic
documents that consists of page after page of text
into a truly rich and entertaining adventure for people
of all ages. Graphics are an integral part of the world
today. Without some kind of visual, life would be unex
citing. Graphics have a strong way of influencing how
things are presented and perceived. And what better
medium exists to present digital images than a
CD-ROM. Many publishers are taking advantage of
the CD-ROM's ability to hold vast amounts of data by
storing high resolution images for distribution.
This chapter will discuss the image preparation
process. Issues that will be covered include choosing a
display format, creating digital images, and image
processing.
Display Formats CD-ROMs, as mentioned in the beginning of this refer
ence guide, can store text and graphics. Since text
formats were discussed in the previous chapter, graph
ics will be the main focus of this chapter. There are two
common image data structure. They are bitmapped
images and structured graphics.
Bitmapped Images Images that are used for representing graphics are
usually converted to bitmap form. A bitmapped
image can be thought of as a collection of pixels that
are stored in an organized manner. Each pixel is repre-
10
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sented by a number of bits. The display system reads
and deciphers the bits so that the correct color values
or gray levels appear on the screen. Examples of
bitmapped images are natural images (or "real
world"
images) and animation bitmapped images.
Structural Graphics Structural graphics is a way of describing an image by
its geometric attributes (arcs, lines, rectangles, etc.).
These geometric attributes are needed in creating the
image. The computer stores the instructions for draw
ing the image instead of the image itself; therefore,
considerable disc space is conserved. If the image is
very complex it will then require more storage space.
Besides the advantage of saving disc space, structural
graphics are more flexible on how the image is stored
because only the instructions are stored. Plus there is
greater flexibility in functions such as zooming in and
rotating. These special features are possible with
bitmapped images, but on a small screen with limited
memory these techniques will take hours.
Other advantages to structured graphics include the
ability to layer objects and the capability to store
complex symbols.
These advantages have raised people's curiosity as to
why all images are not stored as structured graphics.
The answer is because not all images can be repre
sented in that format. It is only effective if the image
can be broken down and stored as a collection of
geometric outlines (like charts and graphs). Also, struc
tured graphics do not represent
"natural"
images very
well because of the different gradations and tonal
changes.
Choosing a Display Format A publisher is faced with several considerations when
deciding on which image structure to use for their
publication. One issue to consider is the type of
images being used. Are they black or white, color pho-
11
C D ROM
tographs, line art, etc. Each of these image types have
unique characteristics and each one requires a differ
ent preparation process.
Other factors to consider are the number of images
that have to be stored, the type of display the user's
computer will produce, how much control the user will
have over the manipulation of the images and so
forth. Once the display format has been decided
upon for the CD-ROM application, it is then time to
create the images.
Creating Digital Images Any original artwork that the artist creates on a com
puter is a digital image. Computer-generated art can
be categorized as a structured graphic, a bitmapped
graphic, or both. Digital images can be created by
paint systems, draw systems, computer animation sys
tems, or digitizing systems.
Paint Systems Paint systems generally are computer art systems that
produce bitmapped graphics. The images consist of
pixels to which the artist can assign color values. With
paints systems the artist is able to create simple geo
metric shapes (rectangles or circles) and has freehand
capabilities.
Draw Systems Draw systems allow the artist to create structured
graphics. The images can be either simple or complex.
In draw systems, the artist works with objects instead of
pixels. There are also commands for creating objects
of various shapes. Color values can be assigned to
these objects as well. The objects can then be mani
pulated in various ways.
Computer Animation Systems Computer animation systems will allow an artist to cre
ate animation by designing an animation sequence




sequential order. The artist creates each frame with
either a paint or draw system. The images can be
bitmapped images or structured graphics.
All sources of data must be in electronic form. Chapter
3 discussed the process of converting textual data to a
machine-readable form. Images also have to be in
electronic form. Images to be used in a CD-ROM
application can come from many different sources,
such as paper, video, and film. Digitizing systems lets
the artist or publisher convert the image formats into a
machine-readable form that the computer can read
and understand. Digitizing is the process of converting
images into binary numbers. Sampling is the process of
dividing the image into pixels. The two terms are inter
changeable. Special hardware is needed for the con
version process of images. The most popular hardware
is digital scanning equipment.
This section will list some of the equipment available for
converting, or digitizing, images into electronic form.
The equipment being discussed are digitizing tablets,
flatbed scanners (desktop scanners), drum scanners,
and video cameras. Please be reminded that this is
just a quick overview.
Digitizing Tablets Digitizing tablets are generally pointing devices that
the user moves over the surface of the tablet. This is
usually done with a pen. The surface of the tablet is
composed of wires that are energized with electronic
pulses. As the user moves the pen over the image, that
is placed on the tablet's surface, he or she can build a
list of coordinates for the image by clicking one or
more buttons on the pen.
Flatbed Scanners Flatbed scanners use a fluorescent lamp that when
illuminated scans a printed image. The printed image
is placed face-down on the scanner's glass surface.
Desktop scanners are probably the most popular
13
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choice in scanning equipment. They are faster, easier
to use, and very convenient.
Drum Scanners Drum scanners are especially used for high resolution
images and when positional accuracy is needed.
Because the rotational cylindrical drum is very large in
size, original documents, such as X-ray films or engi
neering drawings are best suited for this scanning
method. Drum scanners tend to be slower in speed,
but it is because they give higher quality scans.
Video Cameras Video cameras use optics and special filters when
reproducing graphic images. Video processing sys
tems can alter the analog image. Once digitized it is
then ready for the CD-ROM application and
premas-
tering stage.
Image Processing Once the conversion process is completed, the next
step in image preparation is image processing. Image
processing is the process of manipulating images by a
computer. This section will discuss two of the most
common methods for manipulating images. They are
image enhancement and image data compression.
Image Enhancement Image enhancement is the process of
"retouching"
an
original to improve its overall appearance. A number
of computer software programs specialize in image
manipulation. The most popular software program
today is Adobe Photoshop. Any quality image can be
enhanced to look better, but it is always better to work
with a high quality image than with a low quality
image.
In image enhancement, contrast enhancement is pos
sible. Contrast measures brightness in an image. This
technique helps in "bringing
out"
the original image's
detail. If the original does not have detail, using this
14
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technique would be useless.
Another technique, called filtering, also enhances
detail in the original image by removing
"noise"
or dis
tortion. Filtering can also be used to smooth out the
edges of an image or blur it. The opposite of this tech
nique is edge enhancement which sharpens the
edges of blurred images; helping to make them more
defined. Sometimes in using this technique
"noise"
can actually be exaggerated.
Image Data Compression Graphics can really add richness to any page of a
document, especially if that document is displayed on
screen. High resolution graphics stored on any medium
require vast amounts of disc space and computer
memory. Documents containing large image files are
extremely slow to access which makes retrieving the
image from a CD-ROM almost impossible. The only
reasonable solution to this dilemma is image compres
sion.
Image compression is a major concern for any person
dealing with CD-ROM technology. Image compres
sion is the process of reducing, or compacting, image
data, which in turn speeds up the transfer rate.
Compression also allows more images to be stored on
the disc. With any compression method, whether it is
for text or graphics, the data must be decompressed
before it can be displayed.
Numerous compression techniques are available.
Choosing the right technique depends upon the for
mat and quantity of images being stored to the disc,
the hardware being used for displaying the images,
and the image's display speed. One major factor that
should be of concern is recoverability. Recoverable
compression means that all of the image's original
data is produced when decompressed. Nonrecoverable
compression means that some image data was lost
when compressed, and therefore does not match the
original data when produced. It is important to
15
eference Guide to CD-ROM Technology
remember that because no one method is best, users
should carefully choose one that is best suited to the






With CD-ROM's popularity in the electronic publishing
industry as a great means of distributing large amounts
of data, its original use for storing sound has almost
been forgotten. CD-ROM's can be used for storing
more than large text databases and high resolution
graphics. Incorporating all three data types in one
application produces a product that is entertaining
and fun to use (e.g. training programs, entertainment
books, adventure games, and reference books).
Sound also adds realism and personalism to any prod
uct. Users feel as if they are interacting with another
person instead of just a synthesized, computer-gener
ated voice coming from the computer. Three types of
audio employed in most CD-ROM applications are
voice, music, and sound effects. This chapter will dis
cuss these three audio sources, audio conversion, and
preparing data to be mastered to a CD-ROM.
Sources of Sound As mentioned above, the three most common sources
of audio are voices, music, and sound effects. When
sound is going to be incorporated in a CD-ROM appli
cation, the publisher has the option of using pre
recorded audio or original material for the product. If
the publisher decides to use pre-recorded sound, they
must make sure that they have permission first.
Typically, a fee is involved.
Voices The style of voice implemented in a CD-ROM product
is dependent upon the application, who the charac
ters are, the theme of the application, and so forth.
Voices can be male, female, young, old, foreign,
native, humorous, or serious. If actors are hired to play
the characters, they should be professional. Do not
limit the number of characters needed for the appli
cation; utilize as many talents as possible. A contract
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Music The choices of music are endless. The style chosen
should relate to the CD-ROM application. Some
choices of music are jazz, classical, popular, dance,
and contemporary. Just like actors, musicians that are
hired to record the music piece for the CD-ROM appli
cation, must be paid for their talents. If original pre
recorded material is used, the owner of the copyright
and publishing rights, need to be contacted for per
mission and possible compensation.
Sound Effects Sound effects can add excitement and drama to any
CD-ROM product. In order to get the full potential out
of sound effects, it is best to have them accompany
graphic images or animation.
Audio Conversion Storing sound on a CD-ROM mandates that the sound
first be converted from its original analog signal to a
digital signal. This process is better known as digitiza
tion. An analog signal is continuous whereas the digital
signal is composed of discrete samples of the analog
signal. The digital samples are then converted to a
fixed value and stored as a binary number that the
computer can read and understand. When the music
is played back, it must be converted from a digital sig
nal back to the analog signal (called D-to-A conver
sion scheme). The conversion technique involves two
processes: sampling and quantization. Fidelity, which is
a measure of sound quality, can be determined by
the degree to which these processes are used.
Sampling Sampling is part of the process of converting analog
signals to digital signals. Sampling is done with special
hardware. Each signal is sampled at discrete intervals
and measured. This measurement is called the sam
pling rate.
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Quantization Sampling is difficult to understand without an explana
tion of quantization. The two processes work
hand-in-
hand. Quantization is when the digital circuitry of the
playback equipment captures a discrete analog sig
nal and converts it into a binary value. The binary
value is composed of an assigned number of bits. The
number of bits determines the accuracy during the
conversion process. Errors can occur during this stage;
however, the more bits assigned to the digital signal
(also referred to as a quantizer) the less error will occur.
Data Compression There are two types of sound that can be used in a
CD-ROM application; audio CD and CD-ROM audio.
Storing sound requires a large amount of disc storage
especially if the disc is filled to its maximum capacity
with high quality sound, such as from a CD audio. It
would only store 74 minutes and 33 seconds worth.
Adding textual and graphic data would be impossible,
for a lack of storage space. Another drawback to
adding CD audio to a CD-ROM is that CD-ROM data
tracks cannot be accessed while the CD audio is play
ing.
Sound can be added to CD-ROM by other means
than by using CD audio (e.g. CD-ROM audio or CD-I
audio). Using other formats of audio help prevent
problems encountered in storage and data access.
However, the fidelity of the audio will be considerably
lower than the fidelity of CD audio.
Regardless of the format chosen for storing sound, the
digitized audio will require some degree of compres
sion. Compression does not mean that fidelity will be
sacrificed when the sample size, or number of bits, is
reduced. Several compression methods are available
that will compress with sufficient results.
One popular method is Differential Pulse Code
Modulation (DPCM). CD audio digital signals are
encoded in Pulse Code Modulation (PCM). PCM is
also referred to as linear PCM because it uses a linear
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measurement scale. It usually does not involve any
data compression. DPCM only records the differences
between one digital sample and the next instead of
the actual values themselves. Therefore, the number
of bits required for recording are reduced.
Another method is Adaptive Differential Pulse Code
Modulation (ADPCM). It is an encoding scheme that
measures the changes in signal characteristics (e.g.
amplitude). ADPCM is utilized because it reduces
quantizing
"noise"
during the compression process.
Data Preparation Premastering audio for CD-ROM is a much more sim
ple procedure than premastering text and graphics.
Audio is simply accessed and played back. This sec
tion will briefly explain the premastering process for
audio, mastering, and storage considerations.
The first step, converting audio data to digital data,
has already been discussed. The converted data can
be stored on any medium during the processing
phase, but it must be stored on the appropriate tape
for premastering. (See Chapter 7 on Data Submission
Guidelines).
The next step involves arranging the digital data into its
corresponding data blocks on the CD-ROM. Any data
compression takes place at this stage. The data blocks
of audio will then be indexed for playback (D-to-A
conversion scheme). This is accomplished by designat
ing start and stop points to each data block.
The data blocks then go through a process called logi
cal formatting. It is the same procedure for any data
being stored on CD-ROM discs. This step involves build
ing the disc image and file directory for the file man
ager. Intermixing text and graphics with audio occurs
during this step. The data is then ready for premaster
ing. Please note that formatting, premastering, and





Mastering There are several methods for mastering audio to a
CD-ROM application. All manufacturers of CD-ROM
products may not use the same technique. Therefore,
it is best to consult with a manufacturer to find out
which is the appropriate method for the application.
Audio Storage Considerations The easiest way to store audio data with CD-ROM
data on the same disc is by storing the audio directly
after the CD-ROM data. It is also possible and appro
priate to interleave the data especially if quick play
back and access to text and graphics is desired.
(pp Pfp^.
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CHAPTER 6:
DISC ORIGINATION
Disc origination, or system integration, is the process of
arranging files to be placed on a CD-ROM into an
organized fashion so that the files can be accessed
after they are mastered. This process is standard for
any CD-ROM application. It can be performed in
house or by a service bureau. This step proceeds data
conversion, data preparation, and compression. The
necessary steps for storing files onto a tape that is sent
to a mastering facility will be discussed in this chapter.
File Collection
Files that are going to be placed on a CD-ROM can
come from a variety of storage media. Before these
files can be sent to a disc mastering/manufacturing
facility, they must be collected and stored as one larg
er file.
Logical Formatting
Logical formatting involves three important steps. The
first step is to specify the disc volume identification
information. This identifier provides the name of the
disc, the publisher, the disc's serial number, and so
forth. Usually a form will come from the service bureau
or mastering facility that will require this information be
filled out and sent back to them prior the production
stage.
The second step in logical formatting is to specify the
disc's directory structure and the files that will be found
in each directory. This is usually a simple step if the
number of files being used in the application are small.
But if a large number of files are going to be used in
the application, this could be a very complex step.
The disc information must also conform to ISO 9660
standards. ISO means International Standards
Organization. Complying to this standard ensures that
CD-ROM discs and drives will be compatible regard
less of the manufacturer.
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With a small number of files, a picture of the directo
ry's structure can be in the form of a diagram. The files
that each directory will contain will also be listed on
the diagram. However, with a large number of files,
drawing a diagram for the service bureau to follow will
be time-consuming. One possible method that may
work is to extract the files from the large database to
disc.
Assembly/Loading Disc Image The last step provides information and specifications
for the use of special techniques, such as the use of
hidden files. It is best to consult with the service bureau
or mastering facility about which methods are the
most effective.
Testing The general steps involved in this process include
determining the size of the files, creating the directo
ries, creating the data blocks, and transferring and
arranging the files in their appropriate place. The most
important factor in choosing a disc origination system
is speed. If a service bureau is handling this process,
make sure that they are reliable, competent, and are
equipped to handle the data input for the CD-ROM
application.
Testing is a crucial step in disc origination. The disc
image should be in the desired format before it is sent
to the manufacturing facility. Once the disc image is
mastered to a disc, no structural changes can be
made. Therefore, the disc image should be tested.
Some tasks involved in testing include debugging the
CD-ROM application, verifying data integrity, evaluat
ing the retrieval performance/ When checking the
images file size, a comparison is made between the
original image's size and the one stored on the CD-
ROM. They should be the same size. Other things to
check for is whether or not the file can be opened
and does the disc operate properly. Most service
bureaus and disc manufacturing facilities offer testing
as a normal procedure. Some facilities even simulate
the operation of the CD-ROM application. Simulation
23
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means actually running the CD-ROM application
through its various processes on a computer; thereby
testing the disc's performance. If the application does
not work properly, corrections will then be made at this
point.
Copying to Tape This is the final step before the data (on tape) is sent to
the disc manufacturing facility. All of the files stored on
the tape are integrated together as one big file (disc
image). The tape should be be in a format that the
manufacturing facility can work with (See the chapter
on Data Submission Guidelines). Most facilities will dic
tate that the tapes be labeled according to ANSI
(American National Standards Institute) tape label
standards. If the tapes are being prepared by a ser
vice bureau, they should be informed of the manufac








Many publishers of CD-ROM applications oftentimes
experience delays in the production process due to
small oversights of minor detail. This chapter will guide
the readers through the necessary steps that will help
in minimizing delays, and make the production
process less stressful.
The most vital step is to perform the data preparation
process properly. If any of the readers have questions
concerning any of the preparation procedures, con
tact a disc manufacturing facility or service bureau
representative. They should be able to help alleviate
any problems.
Second of all, if there is going to be a change in the
disc manufacturer, consult a representative at the new
facility immediately. They may have different submis
sion requirements. For example, not all facilities accept
the same tape format for data input to a CD-ROM
application. Some will accept data cartridge tapes,
rewritable optical disk cartridges, EXAbyte tapes, etc.
Always consult the facility regarding their standard




The next step may seem insulting, but it may save
readers embarrassment and grief in the long run.
Always make sure that the correct tape is sent to the
disc manufacturing facility. This can be prevented by
labeling all tapes correctly. For safety precautions,
make a copy of the tape in case it is lost or ends up
damaged.
Any paperwork should be filled out and returned
promptly to the manufacturing facility. Once they
receive the paperwork, they will then be able to pro
duce the CD-ROM within a reasonable turnaround
time. Therefore, make sure to schedule enough time
for the production process in case of mistakes.
R O
If artwork is going to be incorporated on the label, it
should be sent to the disc manufacturer before the
data input tape. The artwork should be checked for
readability and size. It should also contain any copy
right notices and manufacturer's credit lines. Consult
the facility for details before approving the label
design.
These steps may seem painstaking and a waste of
time. However, if they are followed carefully, they will
aide in producing a product that is well worth the
effort in the end.
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CHAPTER 8:
DISC PRODUCTION
The last phase of production entails these three basic
steps; premastering, mastering, and replication. Most
publishers take this phase of the process for granted.
They assume that it is a "piece of
cake"
routine for disc
manufacturers. Although little responsibility or direct
input is given by the publisher, they should be knowl
edgeable about these procedures, which in turn will
help in making good production choices.
Premastering Premastering is the process of adding Error Detection
Code (EDC) and Error Correction Code (ECC) infor
mation. The data is also processed and checked for
tape readability. Once the readability of the tape has
been verified, and it meets the manufacturer's specifi
cations, it is now ready for mastering.
Mastering Mastering is the process of creating the CD-ROM disc
from the data that is submitted for the application. The
mastering facility should have a clean, dust-free room
for producing the CD-ROM discs.
The first step is to make the glass master that will be
used in making the final mass production disc. During
this stage, a laser beam burns pits and lands into a
photoresist surface which is coated over the glass
master. The laser beam starts at the center of the disc
and moves to the outer edge in a spiral pattern. Pits
contain the data being stored to the CD-ROM. Lands,
which do not contain information, aide in reflecting
the laser beam when the disc is read. They are both
microscopic in size.
Once the glass master is checked for accuracy, a
series of stampers are made from it. The
"father"
which
is a negative image of the master disc, is used to cre
ate a positive disc image (called the"mother"). From
the
"mother"




stampers (negative images) are then created and uti
lized in the replication process.
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Replication CD-ROMs are made out of a polycarbonate sub
stance. Most manufacturing facilities use some kind of
injection molding process. Two other methods used in
the manufacturing process are photo-polymerization
and continuous embossing. During the replication
process, the polycarbonate substance (resin) is heat
ed and poured into molds that form the discs.
Stampers, which are embossed with the data pattern,
impresses the pattern into the cooling resin. The discs
are then transferred to a vacuum chamber where a
reflective metal layer is added. Some manufacturers
use aluminum, some use alloys, and some even use
real
gold.^
The reflective surface makes it possible to
read the data from the disc. The disc is finally coated
with a protective lacquer. The lacquer prevents the
surface of the disc against scratches and corrosion.
Labels are then screen printed over the lacquer coat
ing. The CD-ROMs are finally inspected, and evaluat
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CHAPTER 9:
DATA PROTECTION
All CD-ROM publishers face the issue of data protec
tion. Everyone wants the freedom to design and cre
ate a product that can be used by many people.
However, the question remains: how is information sup
posed to be protected if pages of text can be down
loaded from a CD-ROM without violating the publish
er's legal rights? Data protection is a very complex
subject. This reference guide in no way serves as legal
advice.
There are laws in the United States that are imposed









not only use original work but also existing work, such
as a periodical. In this case, the author should obtain
permission before using anyone's work. Readers are
encouraged to find out more about these laws, espe
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1) Are you familiar with CD-ROM technology? If the answer is yes, how much experi
ence do you have with CD-ROMs?
2) What kind of computers do you work with?
3) After viewing the poster booker/ in Motion on CD-ROM, which medium (the
printed version or the CD-ROM disc) did you like better and why?
4) Was the CD-ROM application user-friendly? Ifnot, what problems did you
encounter?
5) In your opinion, which medium (the printed version or the CD-ROM disc) gave
better quality?
6) Did the color on the screen match the color from the printed version?
7) After viewing the poster book on CD-ROM, would you be interested in seeing
other books in this format? If not, why?
8) Ifgiven the choice ofwhich medium (a printed copy or a CD-ROM disc) to buy,
which one would you choose and why?
9) In your opinion, are CD-ROMs going to be competitive in the publishing market?
10) Where do you foresee CD-ROM technology heading in the future?
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